Red pepper is dried for use as a spice. When using solar energy to dry it, there are no energy costs but using other energy sources such as fuel or electricity, the production cost of red pepper spice increase. Due to the fact that energy is becoming expensive globally, it can be envisaged that osmotic dehydration gains more popularity as a pre-processing dehydration step. In this study, red pepper samples were cut into square and immersed in the osmotic solutions prepared at three different concentrations, a defined ratio (sample/solution; g/ml) and several temperatures during osmotic dehydration process time. Water activity, color, solid content, water loss and solid gain of samples were determined during osmotic dehydration process taking place in solutions at different concentration, temperature and time. Statistically, all dependent variables have effect on osmotic dehydration. 60 min of the process was found as the critical point for water loss-solid gain relation. The effect of concentration was significant on water activity of sample. Water activities of samples whose initials were greater than 0.90 reduced below the level of 0.8 at the end of dehydration time, with the exception of a few samples; visible color values were influenced by the process.
INTRODUCTION
Red pepper (Capsicum annuum L.) has an important commercial value in the global food industry based on its aromatic, coloring and flavoring properties (Vega-Galvez et al., 2008) . Red pepper fruits are used extensively in the food processing industry to a wide range of products such as sausages and meat products as well as for cheeses, butters, salad dressings, condiment mixtures, gelatin desserts and processed foods due to the extractable colors (Govindarajan, 1986) , and also it is an indispensable spice used as basic ingredient in a great variety of cuisines all over the world. Capsicum species are employed whole or ground and alone or in combination with other flavoring agents, primarily in the pickles, stewed or barbequed (Ravishankar et al., 2003) . Pepper, specifically C. annuum is a general name for plants (Luning et al., 1995 confusing; therefore, pepper chili, chile, chilli, aji, paprika (Csilléry, 2006) and also red pepper. Red pepper is dried for use as a spice. If using solar energy for drying it, there are no energy costs but using other energy sources such as fuel or electricity, the production costs of red pepper spice increase.
In recent years, some pre-treatments including osmotic dehydration, blanching, and microwave have been used for improving the quality of fruit products and reducing energy consumption (Sowti et al., 2002) . Osmotic dehydration is used to reduce the water content of the food from 30 to 70% (Lenart and Lewicki, 1988) as an upstream step or the dehydration of food before they are subjected to further processing such as freezing, freezing drying, vacuum drying and air drying (Araujo and Murr, 2002) . However, osmotic dehydration will usually not lead to sufficiently low moisture content for the product to be considered shelf-stable (Rahman and Lamb, 1991) . The main principles of dehydration of food products by osmosis is water outflow from the product to the solution, solute transfer from the solution to the product and leaching out of product solutes to the solution. A combination of osmosis, diffusion, flux interactions and shrinkage yields dehydration (Lerici et al., 1985; Quintero-Ramos et al., 1993; Collignan and Raoult-Wack, 1994; Banu et al., 2002) . The use of the osmotic dehydration process in the food industry has several advantages: Quality improvement in terms of color, flavor and texture, energy efficiency, packaging and distribution cost reduction, no chemical pretreatment, providing required product stability and retention of nutrients during storage (Rahman and Perera, 1999; Sablani et al., 2002; El-Aouar et al., 2006) . This method enables the storage of the product for longer periods, preserves flavour and nutritional characteristics and prevents microbial damage (Segu et al., 2006) . The most frequently used dehydrating agents are salts, sugars and corn syrups. Salts are used mainly for vegetables while sugars and corn syrups are used for fruits (Marani et al., 2007) .
The influences of concentration and composition of osmotic solution, temperature, immersion time, pretreatments, agitation, nature of food and its geometry, and solution to sample ratio on the process have been studied extensively (Rastogi and Raghavarao, 1997; Kaymak-Ertekin and Sultanoglu, 2000; Matusek and Meresz, 2002; Kumar et al., 2007; Singh et al., 2008) . Water activity (a w ) is the most important factor that affects the stability of dehydrated and dry products during storage. It is determinant for microbial growth and can be associated with most degradation reactions of a chemical, enzymatic and physical nature (Maltini et al., 2003) . Knowledge about a w levels at which microbial growth stops is essential for food preservation purposes. The lowest limit for growth in foods or any other item is 0.6, but most bacteria can be inhibited at a w of 0.8. To stop yeast and moulds growth, a w must be as low as 0.75 to 0.7. Control of a w helps to maintain proper product structure, texture, stability, density and rehydration properties. a w influences nonenzymatic browning, lipid oxidation, vitamins degradation, enzymatic reactions and protein denaturation (Warczok, 2005) . In the paprika pepper varieties (C. annuum L.) color can be considered as the main quality factor, since it determines its commercial value (Ricardo et al., 1998) . It is well established that physical appearance and presentation of certain foods contribute greatly to a prospective purchaser's sensory response and play a prominent role in final selection and consumption. Out of all the sensory properties of a foodstuff, color, possibly more than any other factor significantly influences customer acceptance because color affects overall judgment and is seen as synonymous with quality, safety and value (Jose´ et al., 1999) . Due to the fact that energy is becoming expensive globally, it can be envisaged that osmotic dehydration gains more popularity as a preprocessing dehydration step in the future (Rastogi et al., 2002) . During production of red pepper, there is a critical time due to the storage stage of fresh peppers harvested before drying process.
The aim of this work was to evaluate the influence of the osmotic dehydration prior to drying on the moisture content, color and water activity of Maraş red pepper.
MATERIALS AND METHODS
Fresh whole Maraş red peppers (C. annuum L.) of variety Sena were directly collected by paying attention that all of the samples could be the same in shape, color, quality and moisture content from a field in Kahramanmaraş, 2008 season, it was determined that the peppers had 16 g weight and 1.5 mm thickness, approximately and were stored at +4°C and relative humidity (RH > 95%) until using them in the experiment. Table salt (NaCl) purchased from Riedel-de Haẻn, Seelze/Germany and Sea salt harvested in France coast obtained from Kartal Birlik Tuz, İstanbul/Turkey were used as osmotic reagents. The main differences between the two salts are the following according to the firm analysis report. Although sea salt (purity 99.0%; weight basis) contains 0.03% Fe, 0.5% Mg and 0.4% Ca and table salt (purity 99.9%) contains none of these elements.
Stalk and seed coat and fused carpels were separated from it after cleaning the pepper. The pepper was cut into square of 10 x 10 mm 2 by using a knife. The osmotic solutions were prepared at three different concentrations (20, 30% and saturated; g/L). The peppers were immersed into these solutions at a ratio of 1:20 sample/solution (g/ml) by selected three different temperatures (25, 35 and 45ºC) . No mechanical agitation was applied to solutions to stir. The samples were withdrawn at 30, 60, 90, 120 and 180 min with their surface gently blotted with tissue paper.
Analysis and measurement
Water activity, color, solid content, water loss and solid gain of samples were determined during osmotic dehydration process in solutions at different concentration, temperature and time. Water content was determined by drying at 60°C in an air oven until constant weight according to the method 934.06 (AOAC, 1990 ). Novasina AW LAB Set H was used to determine aw of samples and Konica Minolta CR-100 (Color Reader) for visible color L, a and b values. Water loss (WL), solids gain (SG) and salt uptake measurements were calculated from the following equations (Özdemir et al., 2008) : 
RESULTS AND DISCUSSION

Water losses and solid gain
The changes of W L and S G during osmotic dehydration process are presented in Figures 1 and 2 . Both irregularly increased with increasing processing time. W L values varied between the ranges of 9 to 30% at the end of 180 min processes. W L of the sample immersed in sea salt solution at 35°C and at saturated concentration was found higher than other sea salt solutions. And among samples exposed to OD in table salt solutions, the best W L was observed in the saturated solutions at 45°C. S G of samples in sea salt solutions increased between 8 to 20%, the maximum S G was determined in saturated sea salt solution at 45°C and for S G of samples in table salt solutions, the increases were found between 6 to 17%, the saturated table salt solution at 45°C gained maximum solid to the red pepper sample. The regression analysis of the experimental data was carried out to observe the significance of the effect of the process variables (concentration, salt type, temperature and time) on W L and solute gain during osmotic dehydration, and also interactions of each variable with another variable was statistically evaluated for relative effect. The results of analysis of variance (ANOVA) of the experimental data are summarized in Table 1 . The effects of all variables were significant on water loss and exception salt type; on S G at 1% level of significance (p < 0.01). The effects salt type-time, temperature-time and salt type-temperature-time interactions were non-significant on W L and S G (p > 0.05). Tukey test applied to the experimental data after the ANOVA analysis shows that the concentration of 20 and 30% have almost the same effect on W L during osmotic dehydration and the effect of the saturated was higher than 20% and 30%. The operation temperatures at 35 and 45°C were the most effective than 25°C. The losses in table salt solutions were higher than sea salt type. The maximum W L was observed at the first 60 min period of dehydration time. Otherwise S G of sample irregularly rose due to increasing concentration of solution and time. The effects of low temperature and low concentration on S G were lower than the others ( Table 2) . The ratios (W L /S G ) at 60 min are presented in Figure 3 . Only concentration was effective on the ratios at that time (p < 0.01), other variables (temperature and salt type) and the interaction of salt-temperature have a nonsignificant effect at 5% level of significance. However, there are a lot of studies having similar tendency with relation to W L and S G during process time for various materials using in works, the critical process time for maximum ratio (W L /S G ) depends on different variable parameters such as solvent, concentration, temperature and also on dimensions and texture structure of the material (Özen et al., 2002; Azoubel et al., 2003, Azoubel and Murr 2004; Ruiz et al., 2005; Sahari et al., 2006; Singh et al., , 2008 Özdemir et al., 2008; Sirousazar et al., 2009; Lertworasirikul and Saetan, 2010; Mercali et al., 2011) .
Water activity
Concentration has very significant effect on a w of sample (p < 0.01). Increasing the concentration of osmotic solution and time, a w is reduced (Figure 4 all the dehydration processes time, a w values reduced below the level of 0.8, exception of a few sample. It was observed that the decreases of a w at the first 60 min period were maximum. After that time, the a w of all samples slowly reduced up to the end of the operation times. These data are similar to those reported for other fruit and vegetables such as potato, apples, banana, carrot, etc (Lenart and Flink, 1984; Torregiani, 1993; Özen et al., 2002) .
Color measurement
Color is the most important parameter for the acceptability of the product. reduced at increasing dehydration time. Chua et al. (2004) explained the decreases in color a and b values as the larger amount of salt gained by the samples leading to significant surface whitening. The values of the color parameters taken could be attributed to the salt layer rather than the actual product color. But Chenlo et al. (2006) reported that osmotic dehydration did not develop significant changes on color working at 25°C
regarding the average values of color coordinates for fresh Padrón peppers whereas reported that all the process parameters had bearing effect on color.
Conclusion
The results showed that the independent process parameters (salt type, concentration, temperature and time) have effects on the osmotic dehydration process. W L and S G increased during osmotic dehydration process time but the highest increase in W L was observed at 60 min of process. This time had been selected as critical point for estimation of relation of maximum W L to minimum S G and the ratio of W L : SG was investigated. The best osmotic dehydration process was found in the process taken place in saturated sea salt solution at temperature of 25°C but overall, table salt has effect than sea salt at all temperatures. Sea salt can be used for osmotic dehydration process because of the cost. a w is mainly a quality parameter being related with growing microorganism. It was effectively reduced below level of 0.8. Visible color values changed during the process especially color L. This visible surface defect can disappear at the end of the production of red pepper spice. As a result of pre-treatments, osmotic dehydration can be used for improving the quality of red pepper product. In further works, most effective osmotic agents would be investigated for osmotic dehydration process of red pepper.
